Introduction
Chronic obstructive pulmonary disease (COPD) is characterized by recurrent episodes of exacerbations defined by an acute worsening in the severity of a patient's symptoms, including baseline dyspnea and coughing, that warrants a change in medication or medical intervention. 1 Exacerbations have been linked to disease-associated morbidity and mortality, placing significant strain on medical facilities, increasing resource burden, and driving up ongoing health care costs. 2 The importance of exacerbation prediction has recently been recognized in the application of effective and aggressive prevention strategies. 1 While major advances have been made in the past decade, measurable prognostic factors predicting exacerbation risk in COPD patients remain undefined, which is partly due to controversies in the definition
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gumus et al of acute exacerbation of COPD (AE-COPD): 3 whether the definition depends solely on symptoms or health care usage, diagnostic criteria remain subjective. This generates difficulty in objectively differentiating exacerbations from day-to day variations. Therefore, a "biomarker" is needed that can yield an objective verification of exacerbations. In addition, a good biomarker may not only indicate the exacerbations, but may also predict the severity of exacerbations. 4 Urokinase-type plasminogen activator receptor (uPAR) is expressed on various cell types, and the complex interaction with its ligand urokinase plasminogen activator (uPA) has been shown to promote tissue invasion in malignant diseases by converting plasminogen into plasmin, resulting in degradation of the extracellular matrix. 5, 6 Migration of inflammatory cells from the bloodstream into tissues is an essential component of inflammation and the immune response against infection in which the uPAR/uPA system is directly involved. 7 During inflammatory stimulation, uPAR is cleaved from the cell surface by proteases to create the soluble form of the receptor, suPAR, which can be detected in blood, urine, and cerebrospinal fluid. 8 High suPAR levels were shown to be associated with an undesirable outcome in HIV infection, 9 active pulmonary tuberculosis, 10 bacterial meningitis, 8 and pneumococcal bacteremia, 11 suggesting that it may be a good biomarker of inflammation. 12 In recent years, there have been some studies investigating the potential role of biomarkers during the inflammatory process of chronic diseases. 13, 14 However, to our knowledge, the effectiveness of the inflammation marker, suPAR, in predicting AE-COPD and in response to treatment has not been investigated so far. We hypothesized that serum suPAR would be increased in patients with AE-COPD, and that it would be decreased by treatment. The study also examined how serum suPAR levels changed with degree of airflow obstruction and with serum level of fibrinogen and CRP.
Materials and methods study population
In this cross-sectional study, consecutive patients with AE-COPD were prospectively recruited at Recep Tayyip Erdogan University Hospital, Rize, Turkey between January 2013 and April 2014. The disease control group comprised subjects (both nonsmokers and smokers) who had no history of pulmonary disease.
study design
The primary objective of the study was to test the hypothesis that suPAR is a blood biomarker, the level of which rises during AE-COPD and decreases with 7 days of treatment.
The secondary objective of the study was to show a relationship between suPAR and other putative biomarkers: CRP and fibrinogen.
Smoking status, history of cardiovascular and respiratory disease, diabetes mellitus, and use of medications were documented with help of a questionnaire. Patients with AE-COPD were treated for 7 days and reevaluated to observe the changes in suPAR levels in response to treatment.
exclusion criteria
Patients who had conditions that could potentially affect circulating suPAR levels were excluded. Accordingly, patients previously diagnosed with bronchial asthma, bronchiectasis, cystic fibrosis, upper airway obstruction, or bronchiolitis related to systemic pathology; patients requiring monitoring in the intensive care unit due to exacerbation; and patients with active cancer, cirrhosis of the liver, acute or chronic kidney failure, heart failure, uncontrolled hypertension, and uncontrolled diabetes mellitus were excluded. 12 
Diagnosis of COPD
A diagnosis of COPD was made according to the criteria of GOLD, as follows: the diagnosis of COPD was based on current or past smoking history (20 pack-years), clinical evaluation, and pulmonary function testing showing airflow obstruction (forced expiratory volume in 1 second [FEV 1 ]/forced vital capacity ratio of 0.7) with a change in FEV 1 of less than 200 mL and 12% in the bronchodilator test. 15 
Definition of AE-COPD
Acute exacerbation was defined as prolonged (48 hours) worsening of dyspnea sensation, coughing, or sputum production that can become purulent leading to an increase in the use of maintenance medications and/or supplementation with additional medications. 16 
Pulmonary function tests
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suPar in acute exacerbation of COPD of day 7 after admission. After centrifugation at 2,000 × g at 4°C for 10 minutes, serum and plasma aliquots of 1 mL were frozen immediately at -80°C.
Serum levels of suPAR were measured quantitatively using the enzyme-linked immunosorbent assay with the commercially available suPARnostic kit ® , according to the manufacturer's instructions (ViroGates, Copenhagen, Denmark). The technicians who measured the samples were blinded to the identity of the patient samples.
ethical concerns
All participants provided written informed consent. The study was approved by the local ethical committee (number =2012/134) and conducted in accordance with the Declaration of Helsinki.
statistical analysis
Results for normally distributed continuous variables are expressed as the mean value ± standard deviation, and continuous variables with nonnormal distribution are presented as median values and interquartile range. Analyses of normality in the continuous variables were performed using the Shapiro-Wilk test, histograms, and Q-Q plots. Categorical variables were expressed as numbers and percentage. The chi-square test was used to compare proportions in different groups. Student's t-test or Mann-Whitney U-test was used to compare the two independent groups according to distribution state. If tests of normality were met, one-way analysis of variance was used to compare more than two groups; the cutoff level of α error was reduced to 0.005/ (number of tests) (Bonferroni correction), and the KruskalWallis test was used when tests of normality failed. In cases where the Kruskal-Wallis test yielded a statistical significance, post hoc analysis was performed to identify the groups which showed differences by Bonferroni-corrected Mann-Whitney U-test.
Correlations between levels of circulating suPAR and CRP were determined by Pearson correlation. These two parameters were logarithmically transformed because they were not normally distributed.
Univariate associations between continuous baseline characteristics and the presence of AE-COPD were assessed with logistic regression analysis. The Wald test was used to obtain logistic regression analysis parameters. In all multivariate models, backward stepwise selection was used to derive the final model, and significance levels of 0.05 and 0.1 were chosen to include and exclude terms, respectively. Variables that correlated significantly with suPAR levels in univariate analysis (Pearson correlation) were included in a backward stepwise multiple linear regression analysis. In these models, we forced in age, sex, body mass index (BMI), arterial partial pressure of oxygen, inhaled steroid use, pack-years of smoking, hypertension, and platelet count as covariates to adjust for their potential effects on suPAR.
The area under the curve, receiver operating characteristics (ROCs) for each marker were analyzed, to differentiate AE-COPD from the same patient group in whom specific exacerbation treatment was given for 7 days. All statistical analyses were performed with SPSS software (version 21.0; IBM Corporation, Armonk, NY, USA). A two-sided probability value less than 0.05 was considered statistically significant.
Results
This prospective study recruited 43 patients (aged 68±8 years; 37 male; 27.4±4.6 kg/m 2 ) diagnosed with AE-COPD who were age-, sex-, and BMI-matched with 30 healthy controls. Patients with AE-COPD (n=43) were treated for 7 days and reassessed as a newly paired group of patients with AE-COPD.
There were no differences between the COPD and the healthy control groups in relation to smoking history. Most of the patients with AE-COPD had severe airflow obstruction; 81% of the patients had FEV1 50% predicted. There were no mild COPD cases in the study population. This was not a planned outcome. The characteristics and laboratory findings of participants in the groups and pulmonary function tests of the COPD group are outlined in Table 1 .
There were no intergroup differences with respect to high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, triglycerides, and fasting concentrations of glucose, or to the use of lipid-lowering medications (data not shown).
serum suPar in the study groups Median plasma suPAR in patients with AE-COPD (4.84±1.90 ng/mL) was significantly higher than in healthy controls (2.36±0.89 ng/mL; P0.001) (Figure 1 ). Serum suPAR levels measured on the first and seventh days were compared to evaluate the response to treatment in patients with AE-COPD. A significant decrease in median suPAR level was observed after treatment, from 4.84±1.90 ng/mL to 3.38±1.34 ng/mL (P0.001) as shown in Figure 2 .
There was a significant inverse correlation between plasma suPAR levels and post-bronchodilator FEV 1 (% predicted) (r=-0.478, P=0.001) as shown in Figure 3 . Figure 3 shows suPAR data at admission and FEV 1 data at the stable period of patients with AE-COPD. 
Putative inflammatory markers in the study groups
Median serum fibrinogen (4.25±6.26 mg/dL) and CRP (577±226 mg/dL) were significantly higher in patients with AE-COPD on the first day than in healthy control subjects 
Variables associated with serum suPar
For patients with AE-COPD on the first day, positive correlations were found between suPAR and CRP and fibrinogen (Table 2) . Stepwise multiple regression analysis adjusting for confounding factors (age, sex, BMI, arterial partial pressure of oxygen, arterial partial pressure of carbon dioxide, pH, pack-years of smoking, smoking status, inhaled corticosteroid therapy) revealed that only fibrinogen was a strong independent predictor (P0.001) of suPAR, explaining 58% of the total variability of circulating levels of suPAR in AE-COPD on the first day. For patients with AE-COPD on the seventh day, concentrations of suPAR also correlated positively with CRP and fibrinogen ( Table 2 ). In stepwise multiple regression analysis, only fibrinogen was an independent predictor of suPAR (P=0.019); however, it explained only 24% of circulating levels of suPAR.
Distinguishing power of all inflammatory markers in patients with ae-COPD on the first day from the seventh day by rOC curve and logistic regression analysis Multiple logistic regression analysis was run to predict AE-COPD from suPAR, fibrinogen, and CRP. Only suPAR and fibrinogen were strong predictors of AE-COPD (P=0.002 and P=0.014, respectively) ( Table 3) .
Discussion
The present study uncovered the following novel findings: serum suPAR levels were significantly higher in patients with AE-COPD than in healthy controls. High serum suPAR levels were decreased with 7 days of treatment. Serum suPAR remained an independent predictor of AE-COPD after multivariate adjustment. Furthermore, serum suPAR levels exhibited a positive strong correlation with the inflammatory markers CRP and fibrinogen. These findings indicate that circulating suPAR levels promise to be a useful biomarker with which to distinguish AE-COPD and can be used to evaluate treatment response in patients with AE-COPD.
AE-COPD is a significant cause of mortality and morbidity. Therefore, diagnosis and prevention of these episodes is one of the major goals in the management of COPD. Currently, the diagnosis of an exacerbation relies exclusively on the clinical presentation of the patient complaining of an acute change of symptoms that is beyond normal day-to-day variation. 17 Identification of a biomarker that has the predictive potential of identifying a forthcoming exacerbation would therefore be highly valuable. Biomarkers such as CRP and fibrinogen represent low-grade systemic inflammation, and increased levels have been found in patients with AE-COPD. [18] [19] [20] However, no clear biological markers have been identified so far. In contrast to many inflammatory markers, suPAR can potentially be a robust and independent biomarker of inflammation because suPAR is a very stable molecule and its serum concentrations are not affected by circadian changes. 21 It was also shown that treatment of infectious diseases and cancer resulted in a decrease in serum concentrations of suPAR; furthermore, suPAR levels were normalized after full recovery. 10, 22 To verify whether suPAR is a potential biomarker of AE-COPD, we recruited the patients with AE-COPD, and suPAR levels were measured upon admission of patients and 7 days thereafter. Our study showed that there was a significant decrease in serum suPAR levels measured on the seventh day of treatment compared to those on the first day and suPAR levels in COPD patients were higher than in the healthy controls, suggesting that suPAR might have a role as a distinguishing biomarker of AE-COPD and can be used in the assessment of treatment response.
Cross-sectional studies showed that systemic inflammatory markers are inversely related to lung function. 1, 23, 24 Our study, consistent with previous studies, showed that serum suPAR levels were inversely associated with the degree of airflow obstruction as measured by post-bronchodilator FEV 1 (% predicted). This finding also potentiates suPAR as an inflammatory marker.
We also measured two other putative inflammatory markers, even though serum suPAR was the main objective of this study. Indeed, CRP and fibrinogen levels were found to be significantly raised in COPD subjects compared to control subjects in previous studies. 2, [25] [26] [27] Data from the 1,793 individuals from the Evaluation of COPD Longitudinally to Identify Predictive Surrogate Endpoints (ECLIPSE) cohort found elevated levels of CRP and fibrinogen count to be associated with the occurrence of exacerbations in the first year of follow-up. 1, 4 Increased CRP and fibrinogen have also been associated with increased risk for COPD hospitalizations. 3, 28, 29 Our study showed that fibrinogen and CRP were increased in AE-COPD patients relative to healthy subjects; this finding is consistent with former studies. Our study also showed a decrease in CRP and fibrinogen levels with 7 days of treatment in patients with AE-COPD. However, the area under the ROC curve analysis showed that suPAR was superior to CRP and fibrinogen in identifying patients with AE-COPD on the first day from the seventh day. In the present study, serum suPAR levels exhibited a positive correlation with CRP and fibrinogen levels at admission of patients with AE-COPD, which is consistent with previous findings. 4, 30 This correlation was also maintained in parallel with reduction after 7 days of treatment. Furthermore, multilinear regression analysis revealed that only fibrinogen was a strong independent predictor of suPAR, explaining 58% of the total variability of circulating levels of suPAR. All those previous studies and our findings are powerful support for the idea that suPAR is a marker of acute inflammation and can be used in treatment response.
limitations
There were some limitations in this study. First, this was a retrospective study and was subject to bias. Second, we used a cross-sectional design for this study, which is not the best design for investigating any causal relationships. Although we performed adjustment for significant clinical variables, there remains the possibility of residual confounding from unmeasured variables. Third, our study was not designed to elucidate the mechanistic pathways that lead to higher suPAR ratio in patients with COPD. Further studies should focus on providing a more complete understanding of the biochemical properties and regulatory mechanisms of suPAR in this patient population to be able to better evaluate changes in response to exacerbation-specific therapies. Despite the limitations of the study, we observed that individuals with AE-COPD are significantly more likely to have higher levels of suPAR, which seems a reasonable measure with which to detect exacerbations. 
Conclusion
This study showed that serum suPAR was increased in patients with AE-COPD and decreased after 7 days of treatment. This study indicates that elevated suPAR levels have potential value as a robust and independent biomarker of exacerbation in COPD and can be used in response to treatment. Prospective long-term studies are necessary to show whether suPAR levels increase further with disease progression and whether suPAR has a capacity to show comorbidities and mortality in COPD.
